ABSTRACT The close linkage (0.5%) between the A and E erythrocyte alloantigen loci present a special challenge in the production of locus-specific typing antisera. The objective of the investigation was to determine immunogenetically the A-E haplotypes (genetically linked combinations of A and E antigens) existing in the locally maintained individuals of the New Hampshire (NH) and White Plymouth Rock (WR) breeds. The A and E alloantigens in these populations were identified using reference antisera previously produced in White Leghorns. A total of four A-E haplotypes were identified within each of the two breeds; A2E1, A6E2, A6E4, and A8E2 in WR and A2E1, A3E7, A7E4, and A8E2 in NH. Individuals of these two brown-egg breeds were backcrossed over several generations to a line of Ancona chickens homozygous at the A and E loci. Genetic segregation occurring over four generations resulted in nonrecombinant and recombinant progeny that were immunized reciprocally with the blood of siblings to raise antibodies reactive with the individual A and E antigens of the NH and WR stocks. The antisera resulting from the within-family alloimmunizations confirmed the haplotypes deduced in the WR and NH lines from the initial tests with the A and E reference antisera.
INTRODUCTION
Chicken erythrocytes were found to be agglutinated by normal bovine serum (Landsteiner and Levine, 1932) .
Chickens of an inbred line demonstrated genotypic agglutination patterns leading to the conclusion that a single pair of allelic genes was responsible for the expression of antigens causing this agglutination. The gene for this reactivity was dominant but exhibited dosage, in that cells from homozygous chickens reacted more strongly than cells from heterozygotes. Erythrocytes of chickens homozygous for the recessive gene showed no agglutination with the bovine serum. The initial observation of differential agglutination of chicken erythrocytes by bovine serum was later confirmed by Olson (1943) .
Further study of the agglutinability of chicken erythrocytes by normal bovine serum was initiated at the University of Wisconsin in the same group of families in which the highly polymorphic alloantigen systems A and B were originally discovered (Briles et al., 1950) . The genetic distribution of the ability of erythrocytes to be agglutinated by normal bovine serum in second and third generation crosses involving three breeds (Rhode Island Red, Barred Plymouth Rock, and White Leghorn) revealed that the A system of alloantigens was the basis for the agglutinability . Of four A alleles studied, two produced reactive antigens and the other two resulted in cells unaffected by bovine serum.
The E blood group system, detected 10 yr following the discovery of the A system, was found to segregate almost in parallel with the A system, indicating that the two loci were closely linked (Briles, 1958) . The progeny from a mating of appropriate White Leghorn A-E genotypes yielded a recombinant frequency of 0.5% (Briles, 1968) . The proximity of the two loci suggests the possibility of a common origin, perhaps through duplication (Briles, 1968) . At the time the A system antigens were found to be responsible for the differential agglutination of chicken erythrocytes by normal bovine serum , the E system had not been identified; thus, it is possible that alleles of the E system were also involved in determining the observed cell agglutinability. The A and E systems were also independently discovered by D. G. Gilmour (1959) of the University of Cambridge.
The functional significance of the A and E loci beyond the production of cell surface antigens is presently unknown. Indirect immunofluorescence (Davidenas, 1970; Fulton et al., 1990) as well as lymphocyte agglutination tests (Sheirman and Nordskog, 1962) indicate a lack of expression of A antigens on lymphocytes. Skin homografts performed in inbred lines segregating for alleles of the A system demonstrated noninvolvement of A antigens in graft rejection or tolerance (Cock and Clough, 1956; Scheirman and Nordskog, 1961; Crittenden et al., 1964) . Quantitative population studies of the A system showed no differential viability of genotypes (Shultz and Briles, 1952) . In lines selected for high and low antibody response to sheep erythrocytes, the observed gene frequencies suggested that certain A and E genotypes had been favored by the direction of selection (Dunnington et al., 1984; Martin et al., 1990) . Gene frequency divergence of A and E alleles were also observed in lines selected for resistance and susceptibility to coccidiosis (Johnson and Edgar, 1984) .
The objective of this study was to prepare alloantisera capable of differentiating the A and E alloantigens segregating as A-E complexes or haplotypes in families derived from recently introduced New Hampshire and White Plymouth Rock breeds into the Northern Illinois University (NIU) chicken colony.
MATERIALS AND METHODS

Chickens
The chickens utilized in this investigation were from two brown egg stocks. One source consisted of progeny from two generations of pure New Hampshires (UNH 105) followed by three generations of backcrossing to an Ancona line extracted from the University of Wisconsin inbred line 3. A second source of A-E haplotypes was a strain of White Plymouth Rocks utilized by Dunnington and Siegel (1985) in selecting for large and small body size; these were crossed to White Leghorn and then backcrossed five generations to the Ancona line. To obtain data on cosegregation of the A and E loci and to recover desired recombinants, a total of approximately 1,800 individuals from 59 fully pedigreed matings were utilized. The extracted Ancona line was used as a backcross parent in most matings because of its homozygosity at both the A and E loci. All birds utilized directly in the present investigation were maintained at NIU.
Reference Antisera
The reference antisera used in this study to assign A and E blood group antigens to the birds of the New Hampshire and White Rock stocks were previously produced in White Leghorn lines under development by Dekalb Poultry Research, Inc. (Briles, 1968; unpublished data) . Donors and recipients used in producing each of the reference antisera were known to differ only at the A or E locus, leading to the production of antisera that were specific for antigens of either the A or E systems. Antigenic specificity of each antiserum predicted on the basis of recipient and donor genotypes was confirmed by testing for erythrocyte agglutination of cells of A-E genotypes present in the original reference populations. Erythrocytes from representative A-E haplotypes preserved in the NIU flock from the original White Leghorn parent lines served as controls in utilizing the reference antisera.
Alloimmunizations
On Day 1 of the immunization schedule 1.5 mL of whole blood from the donor was collected in 1.5 mL of a 68 mM sodium citrate/72 mM sodium chloride solution, which served as an anticoagulant. The citrated blood as collected was injected into the brachial vein of the recipient. On Day 6, 0.5 mL of whole blood was collected from the recipient in anticoagulant and centrifuged at 900 × g for 10 min. The plasma was recovered and a titer assay of doubling dilutions (log 2 ) was set up using 100 mL of plasma (subsequently termed serum or antiserum) and 50 mL of a 2% suspension of donor red cells. Phosphatebuffered saline (23 mL of 0.025 M Na 2 HPO 4 ·7H 2 O and 77 mL of 0.4 M NaH 2 PO 4 ·7H 2 O containing 0.1% sodium azide) was used as a diluent. Serum was harvested on Day 7 from recipients with an antibody titer of 1:8 or greater.
Recipients showing low titers were reimmunized for a 2nd wk (i.e., starting on Day 8) according to the same schedule as for the first immunization. Final titers were determined for each antiserum harvested and sodium azide was added at a concentration of 0.1% before storage at -20 C. To avoid eliciting an immune response to erythrocyte antigens of the B, C, D, H, I, K, L, and P systems (Briles et al., 1950 (Briles et al., , 1963 Briles, 1962) , recipients were selected that possessed identical alleles of these systems present in the donor birds.
Selective Absorption of Antisera
Anti-A or Anti-E antisera, which also contained fractions of antibodies against an erythrocyte antigen(s) of another genetic system, were absorbed with erythrocytes from one or more chickens possessing the homologous undesired antigen(s) but lacking the homologous A or E antigen. The volume ratio of antiserum to absorbing cells was dependent on the titer of the antibodies to be removed. Most frequently an antiserum to absorbing cell ratio of 3:1 was used; the antiserum was incubated at 24 C with successive aliquots of cells until agglutination was no longer observed.
Hemagglutination Testing
The method of Briles et al. (1950) was employed. One hundred microliters of the appropriately diluted antiserum was added to glass tubes (10 × 75 mm) followed by 50 mL of a 2% suspension of erythrocytes. The tubes were shaken, incubated at 24 C for 2 h, incubated overnight at 4 C, shaken once more and incubated at 24 C for 1 h. The agglutination reactions were scored by holding the tubes to a slit lamp, 2 which is a source of well diffused light. The sediment pattern was scored on a scale of 0 to 4 where 0 is a button of red cells at the bottom of the tube indicating no 
agglutination and 4 is a wide uniform lawn of cells characteristic of complete agglutination. The tubes were then shaken lightly in order to suspend the cells and this suspension was also scored on a scale of 0 to 4 based on the degree of observable agglutination with 0 being a homogenous suspension of erythrocytes and 4 being a clear solution with large clumps of agglutinated erythrocytes. Sample aliquots of the suspensions exhibiting negative or weak reactions were observed under the microscope to determine the degree of agglutination at the microscopic level.
RESULTS
This investigation was initiated by typing families of pure White Plymouth Rocks (WR) and New Hampshires (NH) with a panel of A and E antisera resulting from prior research on breeder lines of White Leghorns. The normal A-E allele combinations originally determined in 18 White Leghorn reference haplotypes are depicted in Tables 1 and 2 . Numerous previously prepared A and E antisera were included in the study but for the sake of simplicity of presentation only one antiserum of each specificity found to differentiate antigens in WR and/or NH birds is shown. As a permanent reference for recipient-donor assignments, each reference antiserum is designated by two numbers indicating the immunization protocol (e.g., 138-949) and each antiserum is assigned a specificity designation based on the engendering erythrocyte antigen of the donor bird. The A and E reference antisera are presented in the tables depicting the antigenic specificities of each as tested on a panel of homozygous A-E haplotypes present in the Leghorn populations in which the original analysis had been carried out. Both A and E antigens have been found to be fully detectable by appropriate antisera in cells from chickens heterozygous or homozygous for the encoding genes.
A-System Antisera Specificities
The agglutination pattern of reference antisera of the various specificities that had been raised against particular A antigens of Leghorns is shown in Table 1 . Antiserum 138-949 agglutinated the erythrocytes of birds of haplotypes A1E7 and A1E8 but did not agglutinate cells possessing the antigens E7 or E8 from birds lacking antigen A1 (e.g., A2E7, A8E7, A8E8, or A2E8). This result indicates that the antibodies in the antiserum, engendered against the A1 antigen, were not reacting with E7 or E8 antigens. However, this antiserum showed crossreaction to the A5 antigen by agglutinating red cells of haplotypes A5E4 and A5E2. Once again, it was concluded that neither E4 nor E2 were responsible for this reaction as cells with haplotype A2E2 or A9E4 failed to agglutinate. Antiserum 523-165 was specific for the A3 antigen, causing agglutina- 
tion only of cells of haplotypes A3E3 and A3E1, showing no reaction to any cells of non-A3 haplotype regardless of the E allele present. Erythrocytes of birds with haplotypes A2E7, A2E1, A2E2, and A2E8 were agglutinated by the A2 antiserum 720-809, with possible reactivity with each of the E antigens being eliminated by its failure to agglutinate cells of other non-A2 haplotypes having these E antigens. Antisera 1-442, 617-600, and 270-909 were raised against A4 and each exhibited agglutination of cells with A4E1 and A4E6 haplotypes only. Antiserum 4-1646 only agglutinated cells with the homologous antigen A5 (A5E4 and A5E2) whereas reagent 32-1039 with engendered specificity for A9 crossreacted with A8. Antiserum 522-169 served as an excellent typing reagent for the A8 antigen because of its monospecificity, evidenced by the agglutination only of cells of haplotypes A8E8 and A8E7.
E-System Antisera Specificities
The agglutination pattern of reference antisera raised against particular E antigens of Leghorns is depicted in Table 2 . Antiserum 629-751 agglutinated red cells designated by prior research as E1. Cells of haplotypes A3E1, A2E1, A9E1, and A4E1 were agglutinated and this reaction was not due to the influence of the A antigens. In addition, crossreaction was observed to the E2 and E3 antigens as evidenced by the agglutination of cells of haplotypes A2E2, A5E2, A9E2, and A3E3. Antiserum 462-159 was specific for E2, reacting only with cells of haplotypes A2E2, A5E2, and A9E2. Antiserum 276-9 showed specificity for the E4 antigen, evidenced by reactivity with haplotypes A5E4 and A9E4. Antiserum 44-779 showed specificity for the donor antigen E7 by agglutinating cells of haplotypes A2E7, A1E7, and A8E7 without causing the agglutination cells possessing any other E antigen. Antiserum 23-933 was specific for E6, agglutinating only cells of haplotype A4E6 and A9E6. Antiserum 140-986 was specific for E8 with only cells of haplotypes A8E8, A2E8, and A1E8 being agglutinated.
Assigning Haplotypes to NH and WR Birds
Erythrocytes of birds from both lines failed to agglutinate in the presence of A1 antiserum 138-949 (Table  3) . Although none of the birds of the WR line reacted to the A3 antiserum 523-165, some birds of the NH line were positive; the reactive allele present in these birds was designated A3. The Leghorn A2 antiserum (720-809) agglutinated red cells of some members of both breeds and these members were assigned the allele A2. Cells of WR and NH lines showed different crossreactivity patterns with the three Leghorn A4 antisera. Although antiserum 617-600 agglutinated erythrocytes from birds of both lines, antiserum 1-442 reacted only with the cells of birds of the NH line and antiserum 270-909 was reactive 
only with the cells of birds of the WR line. Cells of the birds of the WR line reacting to the Leghorn A4 antisera 617-600 and 270-909 were designated A6 and cells of the birds of the NH line reacting to the Leghorn A4 antisera 1-442 and 617-600 were designated as A7, symbols not already assigned in the A series of antigens. Antiserum 4-1646, having A5 specificity, did not react to the birds of either WR or NH breeds. Antisera 32-1039 and 522-169 simultaneously detected an antigen common to the WR and NH lines, assigned A8, which appears to possess identical specificity to A8 in Leghorns (Table 1) . Hence the Leghorn antigens A1, A5 and A9 were determined to be absent in both the WR and NH populations. All birds of both NH and WR lines carrying the A2 and A8 alleles and some families that had the A6 allele tested positive to the E1 antiserum, 629-751 ( Table 4 ). Knowing that the E1 antiserum crossreacted to the E2 antigen in 
Leghorns, it was assumed that this antiserum may be identifying the E1 allele in some birds and possibly the E2 allele in others. The presence of E2 was indicated by the agglutination reactions of the E2-specific antiserum 462-159. Birds identified by this antiserum were assigned E2 whereas those reacting to anti-E1 antiserum but not to anti-E2 were assigned the E1 allele, in conformity with the reaction patterns of these antisera to E antigens in Leghorns. Hence, all the birds of both lines that express A2 also express E1. The E2 antigen characterizes the A8E2 and A6E2 haplotypes of WR and A8E2 of NH, but the E1 antigen is limited in appearance to the A2E1 haplotypes common to both lines. The E4 antiserum, 276-9, agglutinated erythrocytes of birds carrying the NH A7 antigen and the remainder of the WR A6 birds-those not possessing E2. These cells were therefore assigned the haplotypes A7E4 and A6E4, respectively. The E7 antiserum, 44-779, known to have single specificity in Leghorns (Table 2) , agglutinated the cells of birds having NH A3 antigen, forming the basis for assigning haplotype A3E7. Antisera 23-933 and 140-986, reactive respectively to E6 and E8 in the original Leghorn population, did not identify any antigens of the two lines and hence it was concluded that counterparts to these antigens were not present in the WR and NH populations.
A-E Recombinants
The birds of the NH and WR stocks were crossed and backcrossed to the Ancona stock (A3E3/A3E3) in order to facilitate detection of segregating nonrecombinant and recombinant A-E haplotypes among family groups. Dams were artificially inseminated once a week with semen from males especially selected to provide segregation of both A and E loci among the progeny. Recombinant as well as nonrecombinant offspring were also backcrossed to the Ancona stock in order to obtain an adequate number of birds of appropriate genotype to use as donors and recipients in immunizations. Five generations of both NH and WR derived progeny were utilized.
Progeny exhibiting recombinant chromosomes resulted from two matings utilizing a NH parent heterozygous for A-E haplotypes (Table 5 ). In the first mating, a NH male of genotype A2E1/A7E4 was crossed to A3E3/A3E3 Ancona dams; 89 nonrecombinant (A2E1/ A3E3 or A7E4/A3E3) and one recombinant (A7E1/A3E3) offspring were produced. The recombination resulted from a crossover between the A7E4 complex on one chromosome and the A2E1 complex on the other. The second mating was a cross between parents of genotypes A3E7/A7E4 and A3E3/A3E3. Crossing over occurred between NH chromosomes A3E7 and A7E4 producing a recombinant offspring of the genotype A7E7/A3E3; 24 nonrecombinant progeny were obtained having genotypes A3E7/A3E3 or A7E4/A3E3. Other matings involving NH alleles were also carried out but none yielded recombinant progeny. Overall, from matings utilizing NH derived chromosomes two recombinant progeny were obtained out of 326 offspring, resulting in a recombinant frequency of 0.61 ± 0.43% (SE).
Matings were also designed to test for recombination between the A and E loci in chromosomes derived from WR (Table 6 ). In all matings, one or both parents were heterozygous for WR and Ancona A-E haplotypes. Mating A8E2/A3E3 × A3E3/A3E3 produced 133 nonrecombinant (A8E2/A3E3 and A3E3/A3E3) and one recombinant (A8E3/ A3E3) offspring (Table 6 ). Three additional matings testing for recombinant gametes derived from one parent (A6E2/A3E3, A2E1/A3E3, and A6E4/A3E3) produced 112 total progeny with nonrecombinant chromosomes. Five additional matings depicted in Table 6 , produced progeny that could have received detectable recombinant A-E chromosomes from either or both parents; however, the offspring from only one of these matings displayed recombinants derived from both parents. Mating A6E4/ A3E3 × A8E2/A3E3 resulted in the recovery among the progeny of 362 nonrecombinant chromosomes with three offspring exhibiting recombinant chromosomes. Two of these were the result of crossovers transmitted by the A6E4/A3E3 parent to produce an A6E3 recombinant complex (haplotype). Each of these two recombinants were recovered from one parent along with either A3E3 or A8E2 from the other parent. The third offspring in fact represents the recovery of two separate recombinants. It was the product of a crossover event between the A and E loci in both parents yielding an offspring with the genotype A6E3/A3E2. The chromosomes received by each of the offspring of the last five matings listed in Table 6 serve to detect recombination between the A and E loci that could have occurred during gametogenesis in either or both parents; hence, the number of gametes tested for recombination is twice the number of the progeny from that mating. Overall, among the matings testing for recombination between WR derived chromosomes (Table  6) there were five recombinant out of 1,134 gametes tested, resulting in a recombinant frequency of 0.44 ± 0.20%. The genotypes of the progeny and parents were confirmed by multiple independent testing using several antisera of each specificity. Further, they were mated to birds of the Ancona stock, homozygous at the A and E loci, and the offspring of these matings were examined for transmission of the recombinant and nonrecombinant haplotypes. Nonrecombinant progeny from the same crosses were also mated in this manner and their progeny served as typing controls as well as demonstrating that the haplotype sources of the recombinant were still existent in the original A-E combinations.
A and E Specific Antisera
Using the recombinant and nonrecombinant progeny from specially designed matings, immunizations were designed to produce antisera specific for either A or E antigens of the NH and WR stocks. To the extent possible, donors and recipients were selected so that they were identical at the locus of one of these two systems and differed by one allele at the other locus. All the immunizations were made between parent and progeny or between full or half siblings (Table 7) .
The NH recombinant bird A7E1/A3E3 was used as a recipient in immunization 991-289 along with donor A2E1/A3E3. An A2 specific antiserum was expected and when tested on a representative panel of WR, NH, Leghorn, and Ancona erythrocytes, those of haplotype A2E1 in both WR and NH lines were reactive. No antibodies against E1 were present in this antiserum as cells carrying the NH A7E1 haplotype and Leghorn A4E1 and A5E1 haplotypes failed to agglutinate. Antiserum 857-517, produced against A3E7/A2E1 donor cells in an A2E1/A7E4 recipient of the NH line, contained antibodies against A3 as well as E7 when tested at a low dilution (1:2); cells carrying either A3 or E7 were agglutinated, as seen by the reaction of erythrocytes of haplotypes A3E3, A3E2, A3E7, and A7E7. However, at a higher dilution (1:8), only A3 red cells were agglutinated. The population of E7 specific antibodies appear to have been diluted to the extent that they caused no visible reaction; thus, cells of haplotypes A3E3, A3E2, and A3E7 were agglutinated but those of A7E7 were no longer reactive. Hence, selective specificity was imparted to this antiserum by simply diluting the immunoglobulins to the point where only one of the donor antigens, A3, was reactive.
Based on the agglutination pattern to Leghorn A4 antisera, the A6 and A7 antigens of WR and NH lines, respectively, were observed to share some common reactivity (Table 3) . Antiserum 127-689 (Table 7) was produced using an A6E2/A3E3 donor and an A8E2/A3E3 recipient, whereas antiserum 989-208 utilized the recombinant bird A7E1/A3E3 as a donor and the nonrecombinant bird A2E1/A3E3 as the recipient. Both these antisera agglutinated cells with WR A6, NH A7 and Leghorn A4 antigens. Antiserum 857-510 resulted from the injection of A7E4/A8E2 donor cells into an A7E4/A2E1 recipient. Although both anti-A8 and anti-E2 antibodies could have been elicited, the antiserum only contained antibodies with specificity for A8, with none having been produced against the donor antigen E2. A similar result was observed in the case of antiserum 896-81 where only A2 specific antibodies were raised when an A2E1/A3E3 donor A2  A2  A3  A3  A6  A7  A8  E1  E2  E4  E7  E7  A4  A4  E2  A7  A6 was used with an A6E2/A3E3 recipient; no antibodies against E1 were present in this antiserum. Antiserum 991-285 was produced against the E1 antigen by injecting red cells from the NH recombinant donor A7E1/A3E3 into a nonrecombinant recipient A7E4/ A3E3. The antibodies raised agglutinated the cells of WR, NH, and Leghorn haplotypes that expressed the E1 antigen. The total pattern of agglutination reactions showed that the antibodies engendered against E1 were crossreacting with E2. Antiserum 135-789 was produced against the E2 antigen, using an A6E2/A3E3 donor and an A6E4/A3E3 recipient. This antiserum agglutinated the red cells of haplotypes expressing E2 without agglutinating red cells having the E1 antigen. Antiserum 985-181 was designed to produce anti-E4 antibodies by using an A8E2/ A6E4 donor and the recombinant A8E2/A6E3 bird as the recipient. The antiserum agglutinated cells of WR and NH lines possessing the E4 antigen. Antiserum 989-211 made with A3E7/A3E3 donor and A7E4/A3E3 recipient showed specificity for antigen E7.
DISCUSSION
The close linkage between the A and E systems presents a special problem in the production of typing antisera specific for either A or E alloantigens. This linkage disequilibrium can be especially cumbersome when initiating A and E typing of populations having haplotypes divergent from those of the lines in which reference reagents had been prepared. The data presented in this study serves to illustrate the nature of the immunogenetic challenge and procedures necessary to perform the genetic analysis capable of yielding a reasonably complete set of A and E alloimmune typing antisera.
Considering the relatively small number of gametes employed in this study, the recombinant frequencies of 0.61 ± 0.43% and 0.44 ± 0.20% for NH and WR, respectively, are compatible with the 0.49 ± 0.09% reported by Briles (1968) for 6,050 gametes tested in White Leghorns, although breed differences in recombinant frequency between the A and E loci may well exist (recombinant frequency did not differ among the abovementioned three data sets: x 2 = 0.1589; df = 2; 95% > P > 90%).
Crossreactions are frequently observed with antisera against antigens of polymorphic systems (Briles et al. 1950; Briles and Briles, 1982) . These are reactions of antibody with antigens other than the one used to elicit that antibody (Landsteiner, 1945) . These crossreactions occur because of similarities between the molecular structure of the antigens. The strength of a crossreaction depends on the similarity of the structure between the donor antigen and the other antigen(s) exhibiting the crossreaction.
In this study it was observed that the A2 antigens of the WR and NH lines may be identical, as the agglutination patterns of birds of both lines were the same with the Leghorn and White Rock A2 antisera. Antisera produced against the Leghorn A4 antigen collectively identified different antigens in the WR and NH lines. Owing to specificity differences between each other as well to the Leghorn A4, they were assigned the allele designations A6 in WR and A7 in NH. Hence, A6, A7 and A4 antigens are presumed to have similar epitopes yet each is uniquely specific for each of the three breeds. The Leghorn A8 antiserum showed an identical reactivity with antigens of both lines, hence the WR and NH counterparts were also designated as A8.
The Leghorn E2 antiserum identified an antigen of apparent identity in the WR and NH lines. The Leghorn E1 antiserum showed crossreactivity to E2 and therefore the E1 antigen was identified by its agglutination pattern with the E1 as well as E2 antisera. Those cells agglutinating in the presence of E1 but not with E2 antisera were designated as having the E1 allele, and those that agglutinated in the presence of both types of reagents were assigned the E2 allele. As a result of their presumed similar structures we were unable to raise antibodies against these antigens if one of them was present in the donor and the other in the recipient. This effect was illustrated in the production of the only anti-A antisera 857-510 and 896-81 where the E alleles also differed in the donors and recipients (Table 7) . Antisera against E1 and E2 were raised only if the recipient possessed a third allele at the E locus. The E4 antigen of the two lines and the E7 antigen of the NH line were apparently identical to the Leghorn E4 and E7, respectively. Totally, the antisera depicted in Table 7 confirmed the presence of the A and E alloantigens as originally detected by the reference antisera available from prior A-E analysis in Leghorns (Briles 1968, unpublished data) .
This study also showed that the A2 and A8 alleles of NH and WR lines were always linked among the native haplotypes to E1 and E2, respectively. The A7 allele of NH was linked only to E4, whereas the A6 allele of WR was found linked to E4 as well as E2, depicting two separate haplotypes. The A3 allele was found linked to E7, exclusively present in the NH line. Hence, it is clear that the antisera raised against Leghorn A or E antigens, whereas they may be specific within Leghorn lines for the antigen against which they were raised, frequently showed crossreactions to one or more haplotypes of the same system in one or both of the other breeds. Therefore the A and E systems, which usually segregate together in inheritance, are in essence two separate genetic systems (0.5% crossing over), each having several alleles whose antigens share epitopes within each system, but do not appear from these data to do so between the two systems.
